In the third article in the series, we describe the outputs from a series of roundtable discussions by Human Factors experts and GP Educational Supervisors tasked with examining the GP training and work environments through the lens of the systems and designed-centred discipline of Human Factors and Ergonomics (HFE). A prominent issue agreed upon proposes that the general practice setting should be viewed as a complex sociotechnical system from a care service and specialty training perspective. Additionally, while the existing GP specialty training curriculum touches on some important HFE concepts, we argue that there are also significant educational gaps that could be addressed (e.g., physical workplace design, work organisation, the design of procedures, decision-making and human reliability) to increase knowledge and skills that are key to understanding workplace complexity and interactions, and supporting everyday efforts to improve the performance and wellbeing of people and organisations. Altogether we propose and illustrate how future HFE content could be enhanced, contexualised and integrated within existing training arrangements, which also serves as a tentative guide in this area for continuing professional development for the wider GP and primary care teams.
INTRODUCTION
In the previous article in this series [1} we described the discipline of Human Factors (also known as Ergonomics) and how it can potentially make a significant contribution to improving safety, performance and wellbeing in primary care [2] [3] [4] . To recap, Human Factors and Ergonomics (HFE) is the application of scientific evidence to understand how human performance varies in relation to the working environment and design of work within the systems that people interact with [5] [6] . HFE takes a holistic approach to the evaluation of human work and aims to consider all interactions within a system e.g. between individuals and the tasks they perform, the technologies they use, and their physical, social and cultural environments [7] [8] . Its primary workplace purpose is to jointly optimise the performance (e.g. productivity, efficiency and effectiveness) and wellbeing (e.g. health, safety and satisfaction) of people and organisations [6] .
In terms of service and educational policy, a recent NHS Concordat strongly suggests that HFE understanding and techniques can inform patient safety and quality improvement, as well as support change management and emphasise the importance of the design of equipment, physical environments, and procedures [9] . It also acknowledges the need for HFE to be viewed as 'a way of thinking' that should be incorporated into the design of processes and jobs as well as being integrated within clinical education and training. In general practice and wider primary care we have been slow to embrace and integrate the potential conceptual and practical benefits of this discipline.
A possible sticking point is that HFE is a very broad discipline which covers many different concepts, principles, contexts and approaches. Admittedly, this is a difficult challenge when striving to focus on, for example, those issues of potentially greatest value to enhancing human performance and wellbeing in primary care -and which should, therefore, be considered for inclusion on a specialty training curriculum or in support of continuing professional development. Against this background, we present the agreed outcomes of a series of broad ranging roundtable discussions on the HFE discipline and its relevance to the GP training environment and wider workplace by a small 'expert' group of GP educational supervisors, safety and improvement researchers and human factors specialists. As part of this process we also examined the RCGP curriculum [10] and GMC guidance documents in detail [11] to fully understand the job roles and goals of a GP trainee and qualified GP within this context. Specifically, our express purpose during discussions was to take the first small steps in attempting to understand the following from the HFE perspective:
 The relationship between the contexts, interactions, complexities and constraints associated with the full range of clinical and organisational work activities typically performed by the GP trainee in preparation for independent medical practice.
 How expected educational and work goals and activities during training and beyond relate to the existing content of the specialty training curriculum and identify potential educational gaps that may need to be addressed.
In doing this, we surmised that we can take the first steps in identifying specific HFE issues, concepts and approaches that may have direct relevance to the safe, effective and efficient functioning of everyday general practice from a service delivery and specialty training perspective -and so inform the future direction of education and training in this area.
DISCUSSION ISSUES

GP training context and goals
It is self-evident that in the work and educational context of the GP trainee the primary system is the GP surgery, therefore, any future HFE-related education and training should be designed to reflect their role and the structure of the wider system within which they function and interact. In HFE terms the GP training environment (and general practice more broadly) can be considered as a complex socio-technical system i.e. the identified care services and training goals can only be achieved through the interactions between technical, human, social and organisational components of the system [12] . The term complex socio-technical system refers to a particular set of qualities typical to a workplace, not all of which might be present but can include: a large number of potentially relevant factors or solutions to problems requiring decisions; many people are required to communicate within the system; the time for a reaction to a clinician's decision or actions may vary from minutes to hours and requires careful consideration to avoid catastrophic consequences; there is uncertainty in the information received due to imperfections in the source of the information; and there is a requirement to deal with unpredicted events to maintain system safety and efficiency. The heterogeneity and everyday workload, complexity, uncertainty and adaptability of general practice is a testament to this type of complex system for which specialty training prepares future GP doctors and leaders.
A 'systems approach' is considered an essential feature of the integration of HFE principles and approaches in the workplace and as part of education and training [6] . The term fundamentally implies a need to recognise that a work system should first be defined, complex interactions understood, and the context or current climate recognised as an influencer of system behaviour. A system can be broken down into individual elements that reflect the physical, cognitive, social and organisational characteristics specific to the system -taking a holistic view of these interacting properties is a core HFE principle. The diagram illustrated in Appendix 1 provides a representation of the GP system to highlight the high level values and goals of the system drilling down to the functions, activities and artefacts relevant to the GP training environment.
Activities, interactions and constraints
It is also axiomatic that GP training aims to provide a trainee with the skills to manage a patient caseload but also to understand how the practice works in relation to the goals of patient care and the safety and financial wellbeing of the system as a whole. The typical activities of the GP trainee include patient consultation, interpreting the communication and information received from the patient, completing physical examinations and coordinating information from investigations or previous consultations to develop a working hypothesis to inform their decision making (Box 1). The time pressure for patient consultations and decision-making is initially reduced and supported as a GP trainee, but once qualified the expectation is to self-manage a dynamic workload, personal stress and fatigue while achieving accurate and appropriate levels of communication and clinical decision-making to ensure patient safety.
A core team of support staff is normally present to ensure the system can achieve its service delivery and training practice goals -typically the team includes a Practice Manager, GP, Practice Nurse and administrative staff (as well as key staff in the wider community), all of whom will interact with, support, advise and teach GP trainees to help them demonstrate competencies and pass examinations (Figure 1 ). Within any system there will be constraints that influence what, how, when and why a person completes the work they do -for example, in general practice there are, amongst other factors, constraints on time, access to appropriate working environments, available expertise, work patterns and safety and financial commitments of the practice (Box 2).
[Insert Figure 1 about here] Box 1. High level goals of GP training and independent practise Box 2. Typical system constraints in general practice  Availability of appointment times;  Duration of appointment;  Review of chronic conditions -surgery targets;  Review of patients receiving repeat prescriptions;  Availability of consultation/treatment rooms;  Gender of GPs -chaperones may be required;  Patient preference for a particular GP due to sensitivity about a condition;  Continuity of care -aim to see same clinician for each appointment;  Sample collection times -deadline for bloods/samples to be gained;  Arrival and access to results from investigations;  GP with specialist/extended knowledge -expertise;  GP trainer time allocated to trainee supervision/training;  Organisational financial/quality measures;  Prescription of medication -legislation and guidelines;
The GP surgery relies heavily upon multiple Information Technology (IT) support systems to communicate internally and externally, and also to store, retrieve, update and transfer clinical information on patients, consultations, specialist referrals and investigations. They also inform how quality of care performance is demonstrated and contractual payments are made. Confidentiality, ease of use, individual technical abilities, and compatibility between these IT systems are some of the HFE issues of high relevance (in terms of design, complexity and usability) to influencing the work and workload [13] of the trainee and wider GP team, and therefore the quality and safety of patient care.
Enhancing HFE education and training
In reviewing the relevant documentation and analysing the GP training and working environments it is clear there are potential gaps in existing HFE education and training which would be considered essential for those working in similar complex and safety relevant settings in other high hazard industries. Given the earlier classification of the GP surgery as a complex socio-technical system, the application of a related conceptual model (Figure 2) helps highlight these educational gaps and guide how these HFE concepts may be integrated into aspects of the specialty training curriculum ( Figure 3 ) -and also potentially inform continuing professional development for the wider GP team. Understanding how the performance of a GP trainee may be influenced while working within a complex system requires an appreciation of many HFE concepts [3, 6] . Such a model can help demonstrate the breadth of HFE evidence, methods and education that should be considered for future GP training. The following were identified as of high relevance to the main activities and goals of the GP trainee (and the wider GP team):
[Insert Figures 2 and 3 about here]
Complex Sociotechnical Systems
There needs to be an appreciation that the interpretation of HFE as a discipline should be from a systems and design perspective [6] . A high level understanding should be provided of what this means and why a GP practice should be considered as a complex sociotechnical system. This approach is considered an appropriate way to reflect how a healthcare environment generally works well, but sometimes fail.
Human cognition
Understanding the evidence underpinning 'mental work' may provide a base level of knowledge to appreciate the HFE issues associated with, for example, problem solving, mental workload, decision making, vigilance and information processing concepts [14] .
Human performance where cognitive tasks are involved will always vary, hence an appreciation of human capabilities, limitations and influencing factors associated with our perception, attention, working memory, long term memory and actions can assist in predicting and analysing risks associated with cognitive clinical work.
Work-related stress
Stress is a term that has different meanings depending upon the context where it is used. In the workplace context stress is intended to refer to the physical or psychological response/defence to the demands placed upon individuals [15] . In the HFE context a stressor may also come from the wider environment e.g. heat, time pressures, unfriendly IT systems, workload, unsupportive colleagues/management or Government targets. The outcome implies a level of stress or strain on the individual will result in reduced productivity, poor performance and be associated with ill-health or injury. A systems approach is necessary to fully appreciate how organisational structure, interactions and goals can influence the perception of control and stress experienced and impact on the health and wellbeing of a GP team and the performance of the practice system as a whole.
Fatigue
Our appreciation of types of fatigue (physical and mental) may vary but we generally understand that it implies a reduction in physical and mental capabilities which can impair our ability to complete safety relevant activities due to reduced levels of alertness [16] .
Fundamental knowledge of these issues is important for assessing and managing risks associated with the causes of fatigue, which may be work related (e.g. shifts, extended hours, excessive/conflicting task demands) or related to home life (e.g. children, personal circumstances) or related to personal individual factors (e.g. age, fitness, stress, sleep disorders).
Workload
'Workload' has an intuitive meaning yet there is variability in what we understand by the term. Physical workload may imply the physical demand and strain imposed upon our bodies by repetitive or sustained movements. Cognitive workload cannot easily be observed and reactions by different individuals will influence the experience of mental efforts. Workload can be considered as a spectrum ranging from high to low, with performance deteriorating at both ends of the spectrum. The term also varies between referring to the amount of work to be completed within a period of time, the complexity of the work to be completed, the risk associated with poor performance and the compatibility or interference between multiple tasks [13] [14] . In managing the workload for all staff groups, there is a need, therefore, to define it within the intended context and recognise the sources of demand and effort associated with the work and goals to be achieved.
Decision-making
The core work of the GP trainee is to learn how to elicit and interpret information they receive or observe about a patient's problem -a high frequency activity that often involves managing and coping with risk and uncertainty. This informs the decision-making processes adopted by the trainee and the relevance and success of the plan they then initiate to alleviate or solve a problem or manage a patient's symptoms. The cognition required will differ between individuals, relative to their general experience, specific knowledge or competence in recognising and managing certain conditions. Furthermore, different types of decisionmaking may occur in different contexts depending upon time pressure, multiple demands or the risk associated with the decision [17] [18] . An appreciation of how we make decisions can assist individuals to develop related skills while also appreciating the factors that may bias their decision or vary the effectiveness of the process e.g. stress, fatigue, and unnecessary distractions or interruptions. Errors common to decision-making need also to be considered in the context of GP training e.g. tunnel-vision, reduced working memory, confirmation biases, and retrieval from memory of simple strategies. HFE can provide the evidence to appreciate how human performance may vary depending upon the nature of the work completed e.g. the type of work, its familiarity and context will influence whether we adopt skill-based, rule-based or knowledge-based behaviours to inform our choices and decisions to achieve the desired level of performance.
Non-technical skills
These are considered as the relevant cognitive, social skills and behaviors that complement the technical skills [19] exhibited by individuals to promote safe and efficient performance within their particular work contexts, with many already a focus of the existing curriculum e.g. management and leadership. The significance and training of non-technical skills should be covered within any future HFE education -a recent study involving GP trainers has highlighted the most important (and trainable) non-technical skills that are perceived for a 'safe' general practitioner [20] . The top three skills/attributes deemed most important were honesty, technical clinical skills and conscientiousness, while the least trainable were humility, honesty and patient awareness/empathy.
Physical workplace
Currently there is limited evidence that the use of good design principles, standards or HFE evidence relating to working environments is widely applied within a GP surgery [14] . The design of a workplace can have a large impact on human performance, the safety and efficiency of an organisation. Consideration to anthropometric dimensions, visual, auditory and thermal factors within an environment is relevant to understanding the workplace, its safety and influence as a stressor [21] . Knowledge of human-centred design principles should inform the process to adopt when reviewing, designing or modifying the physical working environment [2, 5] . This is a process that should include the opportunity to understand the context and variability in the use of the environment/equipment, understand all users' requirements (physical and cognitive), develop human-centered solutions and evaluate the design against the original set of requirements.
Equipment and technology
HFE can provide the tools for future GPs to consider how to ensure they develop a safe and productive working environment. The procurement of equipment requires a fundamental understanding of human-centred design principles and product evaluation methodology to address associated 'usability' issues-a term that is considered relevant to understanding the introduction of new equipment or systems to establish if they are fit for purpose or compatible with existing equipment [2, 5, 21] . Usability in the context of a GP surgery would have implications for the procurement, evaluation and application of relevant IT systems and medical equipment e.g. treatment beds, blood sampling equipment, communication support systems.
Teamwork
The concept of a 'team' may vary between workplaces as teams can exist closely or remotely but are generally defined as any group with a common goal. The job roles that exist within a GP surgery will differ between practices and this will determine the nature of the 'local team'.
The 'distributed team' infers interactions with teams within different organisational settings e.g. secondary care and social services. The barriers or facilitators to interactions may differ from those relevant to a local team [22] . The GP trainee forms part of the team but is also learning to become a leader within a future team. A general appreciation is required to appreciate interactions between teams and the significance of how local and distributed teams can achieve safe and efficient patient care. Team working can reduce the stress of individuals and improve the safety and performance of the system. Therefore, GP trainees should be made aware of the importance of teamwork and how HFE can assist in understanding teamwork in the context of wider primary care, to recognise related strengths and weakness within a practice and to assist effective team interactions within the work system.
Communication
Communication is a vital ingredient in ensuring the goals of the GP surgery are achieved and is currently covered by the competences to be achieved during training e.g. consulting with patients and relatives. HFE can help understand where in the system all forms of communication are necessary and identify variability, constraints and the hazards and associated risks or potential for error [23] . Appreciating the significance of 'mental models' (i.e. how you think something works in the real world) is highly relevant to communication system design and mitigating potential errors. However, over-reliance upon system automation or prompts can erode mental skills. For example, human-computer interaction may influence how GP trainees (and others), communicate and interact with technology which ultimately influences system performance. Simulation training can consider, for example, scenarios where technology fails and the knowledge and skills of staff are tested to determine if tasks can successfully continue and be completed [24] .
Work Organisation
The term 'work organisation' refers to the way that jobs are designed and performance is measured and both are factors which can influence the efficiency, productivity and wellbeing of employees and the organisation. There are models of work that can inform how work is organised within a system to maximise the motivation and wellbeing of employees [5] . These aim to reduce risk of injury and maximise job satisfaction with the long-term aim of retaining staff and reducing sickness and absence. Factors that can influence individual perception relating to the work performed within a job role and potential for mismatches that may induce stress and dissatisfaction include skill variety, job rotation, and autonomy. Work organisation must be considered as part of any implementation of change to reduce risk factors at work [5, 13, 23] . Organisational changes can provide an opportunity to gain greater involvement and autonomy for the workforce, who in turn can then contribute more directly to improving the work situation (known as participatory ergonomics) for efficiency and productivity as well as for health and safety.
Safety Culture
This term is used to describe the way safety is perceived within an organisation and hence the value and priority that is placed upon safety when the organisation defines and expresses its goals and targets [25] . Care is one example of where this concept has been tested nationally [26] .
Procedures
Procedures such as protocols, checklists, briefings, incident investigation processes and safety huddles are fundamental to most high reliability organisations [27] . It is suggested that their consistent application in healthcare may increase safety as they allow for the appropriate simplification and standardisation of work activities that may be considered as safety relevant or which promote the efficiency and capacity of a system [7] . However, the approach to developing and applying procedures in healthcare has been challenging. The compliance with existing safety procedures can be considered as a major contributor to incidents within the workplace. Development of effective procedures needs to consider the working environment, constraints and resource limitations to ensure they are realistic and achievable and requires an understanding of the way work is really done within a workplace. This requires an organizational approach that actively seeks the participation of all relevant front line staff groups in the design, testing and refinement of these types of procedures [28] [29] .
Safety, human reliability and risk assessment
The concept of safety is frequently considered to be the absence of things that go wrong.
When an accident or incident occurs people (erroneously) are generally considered as the unpredictable component and one of the greatest hazards or contributing factors. Incident investigations and risk assessments focus to identify 'causes', consequences and the likelihood of unsafe outcomes and then eliminate or install barriers to minimise occurrence or impacts. An important part of risk assessment is to understand the hazards present within the GP surgery and the risk that these hazards present to patients or staff in the context of the way people normally work there [30] . Individual responsibility, a willingness to highlight incidents and a reporting system that recognises the whole sociotechnical system and associated hazards is necessary to create a proactive approach to safety management. The evaluation of safety within the whole system and the interactions of humans with all levels can contribute to ensuring the safety and performance of the system and a number of tools can help here. However, applying safety management comes in different forms. The recent introduction of Resilience Engineering [31] proposes that variability in human performance is normal and that the design, monitoring and responsiveness of the system may counter unwanted variability, while identifying and harnessing positive system elements to support risk management in complex systems.
Social and Cultural Pressures
Society and political influences typically search for the best value, and the most efficient and safest form of healthcare service. 'Best practice' is often cited as ensuring all of these goals can be achieved, however, the reality is that there is always a trade-off between these types of goals which need to be balanced [32] . In frontline practice, the influence on choice for efficiency over safety or vice versa needs to be considered alongside the related impact on the prevailing safety culture and system resilience within the organisation. A recognition of how these high level influences impact the functions and goals of the GP work system and how frontline staff adjust performance to accommodate these decisions as part of everyday work is an important HFE concept which provides, for example, an appreciation of how these factors can inform workload and prevailing culture.
DISCUSSION
We have highlighted to some extent how the GP trainee works and interacts within the context of a complex socio-technical system (the GP training and work environments) and, therefore, which areas of HFE are of most relevance in integrating within a future training curriculum. The suggestion is that HFE education for GP trainees (and the wider GP team) should provide sufficient breadth to highlight concepts and approaches that reflect the whole sociotechnical system and its goals of delivering high quality, safe and efficient patient care, whilst protecting the wellbeing of the workforce required to achieve this. Embracing this approach may ensure a comprehensive understanding of how the context and the design of the working environment and technologies are key to influencing human behaviour and performance in the workplace [12, 31] . The high level aim should be to integrate [5, 33] this type of fundamental HFE knowledge within related areas of the existing curriculum (not add the topic as a bolt-on), rather than to create 'experts' which is not feasible for most given the academic training and experience necessary; but also have fundamental knowledge and insight into the existence of HFE expertise as required.
The rationale for these tentative recommendations is multi-factorial. GP trainees are future health and social care managers and leaders, decision-makers, resource allocators and commissioners of services.
A broad understanding of care system complexities, sociotechnical interactions and constraints is fundamental to understanding system hazards and designing effective solutions for improving the performance and wellbeing of people and organisations. For example, currently there is a political drive to improve healthcare buildings and workspaces [34] -senior clinical leaders, including GPs, are becoming involved in the purchasing of technology and equipment and in contributing to the physical design of buildings and workspace layouts. Additionally, although some important HFE issues are touched upon in the existing training curriculum, a more comprehensive and holistic approach is necessary to properly reflect the system and design centred purpose of the discipline and fully extract the potential benefits to be accrued in terms of improving care efficiency, productivity and safety. In this regard, arguably the failure to fully embrace and integrate HFE concepts and approaches in healthcare is a key reason why patient safety and quality improvement efforts have not been as successful as anticipated [2] [3] [4] [5] 35] In wider educational terms there will be a clear learning need for most GP trainers.
Workshops and materials would be required for them to gain a better understanding of the principles of HFE in order to cascade these to not only the trainee but also to develop the educational and workplace culture of the whole practice team. For those aspiring to become GP Trainers, faculty development programmes should include basic HFE understanding as a core competency. Work-placed based assessment could also be developed through the core competency requirements and curriculum coverage to ensure an underpinning of HFE principles within GP training.
While there is now wide-spread acceptance of the need for HFE thinking and approaches in healthcare to mirror implementation in other high hazardous industries, its development is slow in comparison and unfortunately narrow in scope [24] . As previously stated [1] , its introduction to some acute hospital specialties (e.g. anaesthetics, surgical practice and emergency medicine), and in many postgraduate training curricula [37] , has often led to a focus on person-level behavioural safety issues (important though they are) which was largely based on a very limited 'crew resource management' model of 'human factors' imported from aviation [35] .
CONCLUSION
In general practice education and service delivery we have an important and timely opportunity to embrace broader system and design-centred approaches to enhancing the overall performance and wellbeing of people and organisations, which is the true hallmark of HFE as a discipline. A more comprehensive appreciation of HFE will provide future GPs and existing GP teams with the knowledge and skills to contribute to further developing their working environments to optimise performance and wellbeing, with the ultimate goal of creating a system that will facilitate safe and efficient care for patients. 
